muscle and skin. This may account for the considerable loss of protein from liver when compared with our failure to detect a loss from skin and muscle.
Research Fellow in Histochemistry, The Hospital for Sick Children, London HISTOCHEMICAL techniques such as micro-incineration, X-ray diffraction and autoradiography are specialised tools of research, and rather far removed from classical morbid anatomy, as, for that matter, is the morphological world of the electron microscopist. On the other hand, that part of the general field of histochemistry which may be designated "'histochemical staining" can be regarded as an extension and expansion of classical morbid anatomy by other or more refined techniques. Indeed, some histochemical techniques, such as the periodic-acid-Schiff method (Hotchkiss, 1948; McManus, 1946 McManus, , 1948a , have been incorporated into the normal armamentarium of morphological diagnosis. (Originally suggested as a histological method it was later accepted as a histochemical method (see Pearse, 1953) , and has been received into histology in its histochemical setting.) I wish briefly to consider the interrelation of histochemical staining and allied procedures with morphological histopathology, using a few diseases of childhood merely as examples, and to conclude with some remarks on the question of quantitation in the field of histochemical staining.
Histochemical techniques may be used as an adjunct to histopathological diagnosis, as in the demonstration of motor end-plates of muscle by their acetyl-cholinesterase activity (see Woolf and Till, 1955) . In a few instances the diagnosis may fall largely on the histochemist, for example in the condition of hypophosphatasia, first described by Rathbun (1948) , which clinically has some resemblance to rickets. In this condition impaired osteogenesis, apparently primary (Fraser et al., 1955) , often leading to craniostenosis, is associated with deficient alkaline phosphatase in the bones (see Schlesinger et al., 1955; Fraser, 1957) . Since in some cases the blood alkaline phosphatase may be within normal limits, the definitive diagnosis may depend on chemical and histochemical demonstration of grossly lowered alkaline phosphatase activity in a bone biopsy. An article in "Recent Advances in Clinical Pathology" gives details of the applicability of histochemical methods to general diagnostic histology. This was written by the late George Gomori, whose sudden and untimely death earlier this year was indeed a bitter blow to the science of histochemistry.'
Turning to the application of histochemistry in the investigation of problems of diseasethe histochemist usually begins with a problem which appears incapable of solution by the means at the disposal of classical morbid anatomy. After the chemical phase of the procedure is over there comes the histological. Under the microscope, the result must be analysed from both the chemical and morphological points of view, so that a sound knowledge of morphology is essential for the interpretation of the results of histochemical (and, one might venture to add, of experimental) research in pathology.
Dr. C. W. M. Adams has illustrated ways of staining proteins by means of the demonstration of specific groups in particular amino acids, the best known of these methods being the classical reaction of Millon (1849), modified by subsequent workers such as Bensley and Gersh (1933) , which demonstrates the phenolic group of tyrosine. I should like to illustrate the other major type of reaction used histochemically to demonstrate protein, namely staining with acidic dyes in acid solution. Every histologist knows that "eosinophil" is an equivalent of "acidophil"; these methods are thus fundamentally the familiar eosin-staining of the cytoplasm in a different guise, using more precise stains under more controlled conditions. The principles of staining by acid and basic dyes were considered by Singer (1952) .
The acidophilic properties of proteins depend in practice upon three chemical groupingsthe guanidinyl group of arginine, the epsilon-amino group of lysine, and the imidazyl group of histidine.2 At acid pH, the coloured anion of acid dyes will combine with these basic groups and stain the protein. In comparison with the methods which demonstrate specifically groupings in particular amino acids these methods are not, to the same extent, chemically specific for proteins, but are convenient for their demonstration, especially for the histone of the nucleus, which, because it is more basic than the cytoplasmic proteins, can be differentially stained by using a solution with a lesser concentration of hydrogen ions. The principle is similar to the use of solutions of greater hydrogen-ion concentration for differential staining by basic dyes, of basophilic substances, a procedure made use of in the wellknown methylene-blue extinction test introduced by Pischinger (1926, 1927a, b) , and used particularly by Dempsey and Singer (1946) , and their co-workers (Dempsey et al., 1947; Singer and Morison, 1948; Dempsey et al., 1950) .
The staining of protein by naphthol yellow S in acid solution was described by Deitch (1955) . Similar results can be obtained with the better-known chemically related stain, Martius yellow.3 In a section of tongue it is apparent that everything is stained a deep yellow except the mucus-secretion in the glandular cells. (The author showed a number of photomicrographs taken from children with fibrocystic disease of the pancreas.)
At this point we may make a diversion to consider a histochemical trichrome staining method described by Himes and Moriber (1956) . Azure A is one of the stains which are formed as a result of the polychroming of methylene-blue (see Conn, 1953) . The work of Kramer and Windrum (1955) has shown that azure A is to be preferred to thionine, and is more rational than toluidine blue, for the demonstration of metachromasia of mucin. It has, however, other uses: it can be used as a basic dye, to stain nucleic acids in general (being so used by Pollister, 1950) ; and after Feulgen hydrolysis of the section with hydrochloric acid it acts, in acid metabisulphite solution, as a specific nuclear stain. This leaves leucofuchsin for use in the periodic-acid-Schiff reaction, and finally protein can be stained with naphthol yellow S. The yellow goes into the nuclei, converting the blue of the azure A to green. The result with this method differs from the histological trichrome methods, such as iron hlmatoxylin, van Gieson and Masson's stain, in that collagen and muscle are not differentially stained. Its purpose is, of course, quite different-to show, not general structure, but distribution of chemical substances. 'Born in 1904 at Budapest; died on February 28, 1957. In the original Hungarian his name was Gomori, pronounced "Gummery", but the anglicized version is established by usage, and, in this instance, is justified by the fact that his adopted country was the United States of America. A short account of his career (Lillie, 1957) was published in The Journal of Histochemistry and Cytochemistry.
2Almost all alpha-amino groups in proteins are, of course, occupied in peptide linkages, but a small fraction of the basic properties may be due to the few terminal alpha-amino groups.
3Naphthol yellow S is the dipotassium salt of flavianic acid. Martius yellow (sometimes known as naphthol yellow) is the salt of an acid which lacks the sulphonic acid group present in flavianic acid.
Another dye that may be used for the staining of proteins is fast green F.C.F., which is of interest as the dye which first focused attention on the anionic staining of proteins as a histochemical procedure, when it was utilized for this purpose by Schrader and Leuchtenberger (1950) .1 A section of ileal mucosa from a case of meconium ileus, stained by fast green at a very acid pH (about 1 5), shows that everything, including the glandular mucin, is stained green at this pH, the red blood corpuscles and the more condensed material of the intestinal contents staining in a much deeper shade. When hyaline cartilage is stained with basic dyes and basic dye lakes the nucleic acid of the nucleus and the acid mucopolysaccharide of the matrix are stained, whereas here a similar histological effect is obtained by staining the protein in these two structures.
So far we have been considering the demonstration of features which may not be apparent by classical morphological staining. However, on occasions histochemical methods may be used to demonstrate as well as, if not better than, the usual impregnation or staining methods, the structural niceties of classical morphology. Fig. 1 Thirdly, the use of histochemical methods may bring to light morphological oroblems which were not antarent before. Consider the obstructed segment in a case of meconium ileus, a condition thought to be, at least in the great FIG. 1. -Tongue muscle from a child aged 9 majority of instances, a manifestation months, showing the cross striations. x2,00 in the neonatal period of fibrocystic Stained by fast green F.C.F. at approximately pH disease of the pancreas (see Bodian, 3 0, M/5 acetate buffer. The isotropic segments 1952). In a preparation stained by are deeply stained. hvmatoxylin and eosin, the intestinal contents, while not homogeneous, appear amorphous, and hardly inspire one to attempt a morphological analysis. When stained by the trichrome method mentioned above, using Feulgen hydrolysis and azure A, periodic-acid-Schiff, and naphthol yellow S, the impression is entirely different. The discrete distribution of protein and mucopolysaccharide staining, the areas of protein being associated with numerous nuclei, and the presence of rounded, more compact areas, suggest the possibility that there is here a morphological problem to be solved, and lead one to doubt the current view that the blockage is to be adequately explained merely by the inspissation of more than usually viscous mucoid material.
Thus, histochemical methods, apart from assisting in diagnosis, may be used to investigatethe problems of disease, to demonstrate morphological structure, and may themselves. uncover morphological problems which were not apparent before.
Quantitation ofHistochemical Staining
There is a growing tendency to measure the colours obtained by histochemical staining byuse of the microspectrophotometer.
A number of people, notable among whom are Caspersson (1947) and Danielli (1953) , have set out in detail the optical requirements for accurate quantitation by this method. A second essential is that the intensity of colour should bear a quantitative relationship to concentration of the chemical substance demonstrated (see Allfrey et a!., 1952) . It is obvious that some investigators have made no attempt to fulfil the requirements under these headings. However, such difficulties may be overcome by ingenuity, patience and attention to detail.
A third and more important type of difficulty in achieving quantitation in histochemistry is 'Introduced first as a food dye by Johnson and Staub (1927) , and as a histological stain by Haynes. (1928) , it was adopted by Lillie (1940) for use in place of light green in Masson's trichrome stain. inherent in the tissue with which we work, and is posed by the non-uniform distribution of chemical substances in biological tissues and cells. This problem was succinctly and graphically dealt with by Gomori (1952) in his book "Microscopic Histochemistry". Suppose we have a given amount of coloured substance continuously and uniformly distributed which allows transmission of 5 % of light of the wavelength used-in other words a dark colour. If the same amount of coloured substance is discontinuously distributed so that it covers only half the field, the amount transmitted will be 52 5 %, and if aggregated to cover a tenth of the field, 90 5 % of the light will be transmitted. The range of error is thus enormous. If the colour is lighter, the error is less, but still substantial. If the transmission with uniform distribution is 50%, the other figures will be 75 % and 95 %.
I do not wish to detract in the least from the achievement of some workers, such as Caspersson and his school, in applying quantitative methods to histochemistry, although one feels that at times their claims are somewhat optimistic. I do wish, however, to suggest that all claims of quantitation in the field of histochemical staining should be received in a spirit of scepticism and subjected to the closest scrutiny before being accepted. Certainly one should strive to replace, where possible, subjective assessment by objective measurement, but the judgment of a trained observer is still to be preferred to the spurious accuracy of misleading figures. Whether accuracy of quantitation has, in fact, ben achieved can perhaps only be judged by the expert with knowledge of the optical system used and the-chemical reaction involved; but it is the knowledgeable morphQlogist who is in the best position to decide whether or not, in any given circumstances, quantitative methods may be validly used.
I have mentioned the extrinsic and intrinsic technical difficulties of quantitation as applied to histochemical staining, leaving aside the wider questions of possible differences in the localization and amount of chemical substances iA dead as compared with living tissues, and of artefactual effects produced during treatment of.the tissues.
Certainly, accurate quantitation is occasionally possible in histochemistry, and somewhat more commonly a very rough degree of quantitation is possible and may give significant results, but, it is suggested, with almost all p Qlflems the only quantitation which has validity and significance is of the order-yellow, very yellow, faintly yellow, or not yellow at all.
